The U.S. Environmental Protection Agency (EPA) has funded a pilot project to assist small and medium-size manufacturers who want to minimize their generation of waste but who lack the expertise to do so. In an effort to assist these manufacturers Waste Minimization Assessment Centers (WMACs) were established at selected universities and procedures were adapted from the EPA Waste Minimization Opportunify Assessment Manual (EPA/625/7-88/003, July 1988). That document has been superseded by the Facility Pollution Prevention Guide (EPA/600/R-92/088, May 1992). The WMAC team at the University of Tennessee performed an assessment at a plant that manufactures electroplated bumpers and miscellaneous parts for trucks. Steel and aluminum parts received from a nearby facility are cleaned, rinsed, etched, and electroplated. The team's report, detailing findings and recommendations, indicated that a considerable amount of wastewater treatment sludge is generated from the onsite treatment of wastewater, and that significant waste reduction and cost savings could be achieved by reducing drag-out from the plating tanks.
Introduction
The amount of waste generated by industrial plants has become an increasingly costly problem for manufacturers and an University of Tennessee, Department of Engineering Science and Mechanics * University City Science Center, Philadelphia, PA additional stress on the environment. One solution to the problem of waste generation is to reduce or eliminate the waste at its source.
University City Science Center (Philadelphia, PA) has begun a pilot project to assist small and medium-size manufacturers who want to minimize their generation of waste but who lack the in-house expertise to do so. Under agreement with EPA's National Risk Management Research Laboratory, the Science Center has established three WMACs. This assessment was done by engineering faculty and students at the University of Tennessee's (Knoxville) WMAC. The assessment teams have considerable direct experience with process operations in manufacturing plants and also have the knowledge and skills needed
The pollution prevention opportunity assessments are done for small and medium-size manufacturers at no out-of-pocket cost to the client. To qualify for the assessment, each client must fall within Standard Industrial Classification Code 20-39, have gross annual sales not exceeding $75 million, employ no more than 500 persons, and lack in-house expertise in pollution prevention.
The potential benefits of the pilot project include minimization cr of the amount of waste generated by manufacturers, and & reduction of waste treatment and disposal costs for participat-Q ing plants. In addition, the project provides valuable experience z for graduate and undergraduate students who participate in the 0 program, and a cleaner environment without more regulations and higher costs for manufacturers. 
Methodology of Assessments
The pollution prevention assessments require several site visitsto each client served. In general, the WMACs follow the @ Printed on Recycled Paper procedures outlined in the EPA Waste Minimization Opportunify Assessment Manual (EPN625/7-88/003, July 1988 
Plant Background
This plant electroplates various types of bumpers and miscellaneous parts for trucks. Approximately 100,000 parts are produced by this plant each year.
Manufacturing Process
Steel and aluminum sheet stock is stamped into various shapes at a nearby company facility. The resulting parts are manually buffed and polished. A coating of rust-inhibiting oil is applied to the steel parts in order to minimize surface corrosion during transportation and storage at the electroplating facility.
As parts are required for electroplating, they are removed from their packaging and inspected. Parts that pass inspection are placed onto racks for processing. The parts that do not pass An overhead hoist is used to transfer the racked parts to a series of tanks where parts are cleaned, rinsed, etched, and copper, nickel, and chrome electroplated. After the parts have been plated and rinsed in a final heated tank, they are removed from the racks and allowed to air dry.
During a final inspection, each part is cleaned using paper towels. Any surface irregularities in the plated parts are identified and repaired. Parts passing final inspection are packaged and stored until shipment.
An abbreviated process flow diagram for the production of plated bumpers is shown in Figure 1 .
Existing Waste Management Practices
This plant already has implemented the following techniques to manage and minimize its wastes.
Two filter presses and a drying oven are used to reduce the volume of hazardous wastewater treatment sludge shipped offsite.
Filtration units have been installed on the major plating tanks to remove contaminants so that the life of the active solutions can be extended. 
Pollution Prevention Opportunities
The type of waste currently generated by the plant, the source of the waste, the waste management method, the quantity of the waste, and the waste management cost for each waste stream identified are given in Table 1 . Table 2 shows the opportunities for pollution prevention that the WMAC team recommended for the plant. The opportunity, the type of waste, the possible waste reduction and associated savings, and the implementation cost along with the simple payback time are given in the table. The quantities of waste currently generated by the plant and possible waste reduction depend on the production level of the plant. All values should be considered in that context.
It should be noted that the economic savings of the opportunities, in most cases, results from the need for less raw material and from reduced present and future costs associated with waste treatment and disposal. Other savings not quantifiable by this study include a wide variety of possible future costs related to changing emissions standards, liability, and employee health. It also should be noted that the savings given for each opportunity reflect the savings achievable when imple- 
Additional Recommendation
In addition to the opportunities recommended and analyzed by the WMAC team, one additional measure was considered.
This measure was not analyzed completely because of a lack of sufficient information. Since this approach to pollution prevention may, however, increase in attractiveness with changing conditions in the plant, it was brought to the plant's attention for future consideration.
Reduce the number of parts that must be coated with rustinhibiting oil at the fabrication plant through careful scheduling of part fabrication, shipping, and electroplating operations. This research brief summarizes a part of the work done under Cooperative Agreement No. CR-819557 by the University City Science Center under the sponsorship of the U. S. Environ- 
